On 79 ECG tracings obtained from 31 uremic patients, the influence of serum Ca, Na, and K concentrations on the QT duration in ECG was analyzed by multiple regression technique. It was found that Ca and K had negative and Na had a positive effect on QT duration, although only the effect of Ca was reaching the statistically significant level. Since serum electrolytes had correlations with each other, they were orthogonalized and tested for significance once again. Still Na and K did not reveal significant influences by this procedure. However, the effects of Na and K on QT duration were as the same direction and magnitude as reported in older literatures.
SUMMARY
On 79 ECG tracings obtained from 31 uremic patients, the influence of serum Ca, Na, and K concentrations on the QT duration in ECG was analyzed by multiple regression technique. It was found that Ca and K had negative and Na had a positive effect on QT duration, although only the effect of Ca was reaching the statistically significant level. Since serum electrolytes had correlations with each other, they were orthogonalized and tested for significance once again. Still Na and K did not reveal significant influences by this procedure. However, the effects of Na and K on QT duration were as the same direction and magnitude as reported in older literatures.
In the course of orthogonalization it was found that Ca and Na had negative influences on K. It seems that this fact presents a sound basis for the therapeutic use of Ca and Na salts in hyperpotassemia.
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Ca therapy in hyperpotassemia Na therapy in hyperpotassemia Multiple regression analysis Orthogonalization T duration has as its components, the propagation of depolarization wave, membrane action potential duration, and propagation of repolarization wave.
Each of these components is influenced by the heart rate and also by the electrolyte concentrations in the surrounding medium. So, it is natural that, beside the influence of the heart rate on QT duration in ECG,1) the effect of alterations in plasma Ca concentration on it has been one of the earliest findings in clinical electrocardiography. Legends are as same as in Table  I .
The sets of regression coefficients for these new variables were computed again in all combinations as before, and the values of these sets were shown in Table  II . The significance of contribution was tested also for these new equations, and it was concluded that Ca was the only factor and Na and K were nonetheless insignificant.
As the byproduct of above calculation it was revealed that Ca and Na had negative influences upon K and without their influences K would have much higher value than the actual concentration. Here, a reasonable ground was established for the infusion therapy of Ca and Na salts in hyperpotassemia, unless digitalis toxicity or edema accumulation would hamper their mitigating use.
DISCUSSION
Bazett had first noticed that the duration of cardiac systole (QT duration) was proportional to the square root of cycle length with a proportionality constant, K.1) Since then, Carter and Andrus found that the QT duration lengthened relatively in patients with hypocalcemia,2) and Kellog and Kerr observed that in hypercalcemia it was shortened conversely.8) Barker et al. summarized the above findings and noted that the constants, K's, of Bazett varied with the changes in serum Ca concentration,9) and Hegglin and Holzmann also confirmed that the calculated QT duration was less than the actual one in hypocalcemia of various origin.10) Both authors noted that the configuration of T wave was not so much deformed in hypocalcemia. However, no attempts were made by these authors to correlate the changes in serum Ca concentration and the constant of Bazett quantitatively. The findings were also described in the precordial leads of ECG,11) and in the cardiac monophasic action potentials of experimental animal.12) Our present quantitative analysis clearly demonstrated that Ca had a negative influence on the QT duration separating aside the effects of Na and K.
As for the influence of K, not alike as the case of Ca, the observations were rather controversial in the literature. Thomson first reported that the QT interval was prolonged in hypopotassemia seen in the patients with Addison's disease over-treated by DOCA.13) Stewart et al. found the similar prolongation in patients with familial periodic paralysis.14) They also observed that the configuration of RS-T segments and T waves was deformed in hypopotassemia whereas in hypocalcemia no such alterations occurred. Later, Martin and his colleagues,15),16) Tarail,17) and Lans et al. confirmed repeatedly these findins18) Bellet and his group emphasized that the QT duration and the serum K concentration were inversely correlated,3),19)-21) and Reynolds et al also reported a J ap. Heart J. May, 1972 similar correlation in patients with various diseases.16) However, Ljunggren et al. could not find such a consistent relationship in patients with rheumatoid arthritis treated with ACTH, cortisone and DOCA.22) Schwartz et al. concluded that neither the total K deficit nor the serum K concentration was consistently related to the ECG changes.23) Herndon et al. also could not find a significant correlation between Q-Tc and serum K concentration. 24) In another line of evidences, Jung and Jantz observed that U wave became prominent in hypopotassemia found in the patients with paroxysmal paralysis,25) and Ernstene and Proudfit first claimed that the apparent QT prolongation in hypopotassemia might be the result of a T-U fusion.26) After their publication, McAllen reported the same opinion,27) and Bellet also agreed the existence of such a fusion.28) On the other hand, Surawicz and his colleagues made much efforts to discriminate T and U waves, and stated implicitly and explicitly that the QT duration might in fact shortened in hypopotassemia.12),29)-35) Considering all these discussions, Weaver and Burchell concluded that QT duration increased slightly in hypopotassemia.4) In hyperpotassemia due to K loading, Dietrich and Wolff could not observe a significant correlation between QT duration and serum K concentration.36) However, in recent experiment of similar nature on human controls and patients, Schwarzbach concluded that QT duration was shortened by elevation of serum K.37) Our present computation confirmed the finding of Nadler et al. that K had small negative effects on QT duration, although it did not reach the statistically significant level.
In the case of Na, older observations were scanty. Reynolds et al. at first believed that Na had no discernible influence on the QT duration. However, Hanaoka and his group increased the serum Na concentration up to 250mEq./L. in dogs, and at this unphysiological condition found that the QT duration increased.5),6) According to our present formulae, both equations could reasonably predict quantitatively this prolongation, logarithmic (product) form being slightly more advantageous. It is interesting to note that the regression analysis technique is sound enough to elicit the concealed information buried within the ocean of noises as is in this example. Although the actual range of variation of serum Na concentration was narrow and the coefficient for Na failed to be statistically significant, it was capable to coincide with the result of animal experiment.
After sizing the influences of serum electrolytes on QT duration in this study, the residual error was still large ranging some 10%. So, it must be considered that there remained other factors than the serum electrolytes as with Martin and Wertman.15) Since in the present computation Ca was the only electrolyte influencing indispensably on QT duration, it became now possible to re-examine the Bazett's relationship taking into account both RR duration and serum Ca concentration simultaneously. The result demonstrated that the square root law of Bazett was still valid in the present small ECG specimens from uremic patients (Table III) . However, it was interesting that the equation relating these 2 factors linearly in the sum gave slightly smaller mean residual error than the one in the product form. It was also noted that in the present series of ECGs the constant, K, of Bazett was a little larger than usually accepted for healthy people. If K was calculated for normal serum Ca concentration, it was 0.415 when Ca was 11, 0.425 when Ca was 10, and 0.436 when Ca was 9.
In due course orthogonalizing the serum electrolyte concentrations, it was found that Ca and Na had negative influences on K. This fact was empirically known and used for the therapy of K intoxication. Finch and Marchand was probably the first to report the therapeutic use of Ca and Na salts in this situation.38),39) Govan and Weiseth,40) Merrill et al. also advocated the use of Ca salts,41) and Braun et al. suggested that hypocalcemia increased susceptibility to the K intoxication.42) Merrill at the same time argued that Na salts could reverse the deteriorating K effect on the heart,43) and that hyponatremia was an aggravating factor in those patients.41) It seemed that these therapeutic experiences had gained a sound theoretical ground by the present study except when the patients' condition would limit their usefulness.
